Pulmonary arterial hypertension is a progressive disease which is due to constriction of pulmonary artery by excessive production of endothelien receptors. Hydralazine hydrochloride (HZH) is a drug candidate used to treat pulmonary arterial hypertension and it acts as a vasodilator by relaxing smooth muscles of pulmonary artery and the treatment lasts for long time. 1, 2 Extreme variability in oral dosing of HZH, bioavailability of 31% and variable half-life of 3 to 7 h has made the dosage regimen complicated for oral usage.
INTRODUCTION
Pulmonary arterial hypertension is a progressive disease which is due to constriction of pulmonary artery by excessive production of endothelien receptors. Hydralazine hydrochloride (HZH) is a drug candidate used to treat pulmonary arterial hypertension and it acts as a vasodilator by relaxing smooth muscles of pulmonary artery and the treatment lasts for long time. 1, 2 Extreme variability in oral dosing of HZH, bioavailability of 31% and variable half-life of 3 to 7 h has made the dosage regimen complicated for oral usage. 3 Metabolism variations depending on the phenotype and food interactions had much narrowed its oral usage. Low bioavailability, variable and short half-life may not be suitable to meet the therapeutic needs of the patient where the treatment is for longer duration. There is a need for alternative to oral route where hepatic first pass metabolism can be excluded and which can improve the therapeutic activity and quality of life of patient. As the drug has of low molecular weight 196.6 Daltons 4 transdermal delivery is a better alternative to oral route, where a continuous infusion of drug can be provided and patient compliance can be improved. Transdermal systems with a rate control membrane can provide a relatively constant rate of infusion of drug when the drug was maintained in required concentrations in reservoir system where the release rate will depend upon permeation through rate controlling membrane. 5 Hence, in the present work gel drug reservoir of HZH was formulated and the release rate was controlled by using rate controlling membrane and by varying penetration enhancers.
Gel reservoir was formulated by using poloxamer a temperature sensitive hydrogel which is very stable, biocompatible and biodegradable polymer. 6, 7 Poloxamer solution forms a clear solution at 4-5°C and converts to gel at room temperature. 8 Rate controlling membranes were formulated by using E RLPO and E RSPO, the effect of penetration enhancer on release kinetics was evaluated. Pharmacotechnical properties, in vitro, ex vivo studies, stability studies and in vivo pharmacokinetic studies were evaluated.
MATERIALS AND METHODS

Materials
Hydralazine Hydrochloride was a gift sample received from Hetero drugs Pvt. Ltd, Hyderabad. Poloxamer 407 was provided as gift sample by Hi-Media Laboratories, Mumbai. Eudragit RLPO (E RLPO) and Eudragit RSPO (E RSPO) were gift samples provided by Zhaveri Pharma Chemicals., Mumbai. Release liner (poly iso butylene tape) was purchased from 3M. Hydroxy Propyl Methyl Cellulose (HPMC) and Poly Vinyl Acetate (PVA) were purchased from Hi-Media Laboratories, Mumbai. Azone (AZ), isopropyl myristate (IPM) and menthol (MT) were purchased from S.D Fine chemicals, Mumbai, India. All the solvents and reagents used were of analytical grade.
Measurement of sol-gel transition temperature
Sol-gel transition temperature was done to determine the poloxamer 407 concentration which retains its gel formation properties at room temperature. Poloxamer 407 solution with different concentrations Journal of Young Pharmacists, Vol 9, Issue 4, Oct-Dec, 2017
Measurement of pH of gel pH of gel was measured by using calibrated pH meter and the experiment was done in triplicate, average of the readings was noted.
Determination of viscosity of gel
Viscosity of the poloxamer gel was determined by using Brookfield viscometer with spindle no 62 at 100 rpm. Viscosity was measured at 37°C.
Drug content determination in reservoir system
Drug content determination studies were done by taking reservoir system in to a beaker containing 100 mL of phosphate buffer saline (PBS) (pH 7.4) and kept for stirring for 24 h. The solution was filtered and the required dilutions were prepared, the amount of drug present was determined by using UV spectrophotometer at 262 nm.
Weight variation in transdermal reservoir systems
Weight variation was carried out by weighing the transdermal reservoir system for three times and average weight was noted.
Percentage moisture content
The moisture content studies were done by transferring formulated reservoir system, initially weighed (W i ) in to a desiccator containing silica gel and the experiment was continued till there is no change in the weight of reservoir system (W c ). 9 The values were then substituted in the following Equation (1) .
Percentage moisture absorption
Percentage moisture content studies were done by keeping the initially weighed (W i ) reservoir system in to a desiccator containing 100 mL of saturated NaCl (RH 75%) and after 3 days patches were taken out and weighed (W f ). 1° Percentage of moisture uptake was calculated according to Equation (2) .
Drug-polymer compatibility studies DSC studies (Mettler Toledo, 821 e DSC module) were done by scanning at a rate of 10°C per min to know any polymorphic change in the drug molecule after the formulation.
In vitro drug release studies of reservoir system of hydralazine hydrochloride
In vitro drug release studies were carried out by using modified Franz diffusion cell with an effective area of 3.14 cm 2 .
11 Diffusion cell receiver compartment was filled with PBS (30 mL) (pH 7.4) and the donor compartment contains reservoir system placed on dialysis membrane 150. Entire system was kept on magnetic stirrer and stirred at a speed of 50 rpm at a temperature of 37°C throughout the study. Sample of 3mL was taken at pre-determined time intervals and drug release was estimated in UV Spectrophotometer at 262 nm.
Ex vivo permeation studies of reservoir system of hydralazine hydrochloride
Ex vivo permeation studies for the reservoir system was carried out by using rat skin on modified Franz diffusion cell. Hair was removed on the abdominal side and full thickness of skin was separated from the male albino rat anesthetized by chloroform. Adhering fat was removed and skin was cleaned with isopropyl alcohol. Stratum corneum was separated (15-20 % w/v) were prepared by cold method, where poloxamer 407 was added to distilled water at 4°C and kept for stirring until a clear solution was formed. Then the solution was kept for 12h at 4°C for complete dispersion of poloxamer, in a transparent beaker solution was taken where initial temperature will be 4-5°C and kept for stirring on a magnetic stirrer by increasing the temperature at a rate of 1°C per min up to 45°C. The temperature where magnetic bead stopped rotating was noted and is considered as sol-gel transition temperature.
Formulation of reservoir gel of hydralazine hydrochloride
Reservoir gel was prepared by cold method by using poloxamer 407 (16% w/v) based on sol-gel transition temperature values, where poloxamer was added to distilled water at 4°C and kept for stirring on a magnetic stirrer. Then the solution was kept for 12 h at 4°C for complete dispersion of poloxamer. Then HZH (2% w/v) along with various penetration enhancers (PE) were incorporated and kept for stirring until it reaches room temperature as mentioned in Table 1 . Propyl paraben (0.002%w/v) was added as a preservative. Stirring was continued until the magnetic bead stopped rotating.
Formulation of rate controlling membranes
As discussed in Table 1 rate controlling membranes of E RLPO and E RSPO along with HPMC were prepared by casting method using solvent mixture of 10mL (dichloromethane and methanol in 3:2). Polymeric mixture was kept for stirring on a magnetic stirrer for 2 h for complete mixing. Di butyl phthalate 1.2 mL (30% w/v of polymer concentration) was added as penetration enhancer and kept for stirring for 30 min. Then the polymeric solution was poured in to petri dish and covered with a funnel for complete and uniform drying for 24 h. Films dried were packed and stored in an air sealed pack for further use.
Preparation of PVA backing membranes
A 6% w/v PVA solution was prepared by heating at 60°C until it completely dissolves in distilled water. The solution was continuously stirred and care was taken that no air bubbles were formed. Then the PVA solution was poured on a petri dish and air dried for 24 h by covering with a funnel. The dried films were stored in an air sealed pack until further use.
Preparation of transdermal reservoir system of HZH
Poloxamer 407 gel containing hydralazine hydrochloride of weight 0.25 gm was placed on the rate controlling membrane with a diameter of 2 cm and covered by PVA backing membrane by heat sealing to avoid leaks. A release liner was applied to the rate controlling membrane (Poly iso butylene Tape 3M). 
*PE is Penetration enhancer by hot method where the skin was kept in hot water at 60°C for 1 min. Epidermis was removed carefully with scalpels and preserved in PBS 24h before the study. 12 The reservoir system was placed on the stratum corneum side where the dermal side was facing the receptor compartment. The receptor compartment contains PBS (30 mL) (pH 7.4), stirred at a speed of 50 rpm and the temperature was maintained at 37°C. Sample of 3 mL was taken at pre-determined time intervals and the drug release was determined at 262 nm using UV Spectrophotometer.
Tensile strength
Tensile strength for the optimized formulation was carried out using TX.TA plus texture analyzer (Stable Micro Systems, UK) at preset conditions of test speed 2 mm/sec, pre-test speed 1 mm/sec, pro-test speed 10 mm/sec, force 100 g and 5 kg load cell. 13 Film strip of dimensions 4 cm 2 was held between the clamps and pulled by the upper clamp at the speed of pre-set conditions. The force required to break the film and the elongation length were measured. The tensile strength and elongation at break were calculated according to Equation (3) Skin irritation studies of reservoir system of hydralazine hydrochloride Skin irritation studies were carried out by scoring the edema and erythema up to 7 days by visual observation using Draize's scale and the average reading was taken. Male Albino rats were divided in to three groups (n=6) where Group I am control, Group II (medicated group) reservoir system with drug and for Group III a standard irritant i.e., formalin (0.8% v/v) was applied.
14 Results were considered significant at p≤0.0001 using student t-test.
Stability studies of reservoir system of hydralazine hydrochloride
Stability studies were mainly conducted to assess whether the formulation is retaining its pharmacotechnical properties and release kinetics after subjecting to varied climatic conditions. Here the reservoir systems were subjected to accelerated conditions for 6 months using REMI stability chamber by maintaining temperature at 40±2°C and a relative humidity of 75±5% RH. Transdermal reservoir systems were evaluated for drug content and in vitro drug release.
In vivo Studies HPLC Analytical conditions
Waters 2695 HPLC with class Empower-2 software with high speed auto sampler and 2996 PDA detector with dual wavelength at 228nm were used. Inertsil ODS column C18 of 250X4.6 mm and 5µm size was used. Mobile phase used was 0.1% orthophosphate buffer and acetonitrile in the ratio 65:35 v/v% and pH was adjusted to 4.6 with triethanolamine. The retention time for hydralazine hydrochloride is 4.8 mins and 6.2 mins for metaprolol.
Extraction of hydralazine hydrochloride from plasma 250µL of plasma and 50µL of metoprolol as internal standard, 10µL of hydralazine hydrochloride was taken in to a centrifuging tube and 2 mL of Acetonitrile was added. Cyclomixing was done for 15 sec and then vortexed for 2 min finally centrifuged at 3200 rpm speed for 2 min. After the centrifugation organic layer was separated, filtered and 20 µL was injected into HPLC at a flow rate of 1 mL/min with a run time of 10 min.
Estimation of plasma concentration in rabbits
The whole experiment conducted was approved by the animal ethics committee guidelines (CPCSEA NO. 1677/PO/Re/S/2012/CPCSEA). In vivo pharmacokinetic studies were done on male New Zealand rabbits (n=5) of weight 1.3-1.5 kg. Pharmacokinetic studies were carried out between pure drug and reservoir system. Animals were divided in to three groups Group I serves as control, Group II received hydralazine hydrochloride orally at 1.76 mg/kg, Group III received HZH reservoir transdermal system of area 3.14 cm 2 . All the animals were kept for fasting for 24 h before conducting the study. Blood volume of 0.5 mL was collected at pre-noted time intervals 0 min, 15 min, 30 min, 1, 2, 3, 4 and 6 h for oral route and 0min, 15 min, 30 min, 1, 2, 4, 6, 10, 15, 20, 25, 30, 35 and 40 h for transdermal route from the left marginal ear vein; plasma was separated immediately by centrifuging at 5000rpm and stored in heparinized tubes at -25°C. The kinetic parameters were estimated using in built PK solver program in Microsoft Excel 2010.
Statistical analysis
Statistical studies were done by using Microsoft Excel 2010. The results were analyzed by student t-test, p≤0.001 and p≤0.05 was considered as statistically significant difference.
RESULTS AND DISCUSSION
A 16% concentration of poloxamer 407 gel was chosen as it is having sol-gel transition temperature at 37 ± 0.5°C. pH of 16% gel was found to be at 7.36 ± 0.11 with viscosity of 1566.66 ± 57.7 cps.
Drug content in the reservoir systems was found to be in the range of 97.6 ± 0.6 % to 99.3 ± 0.9%. Weight variation was found to be in the range of 1.2 ± 0.21% to 1.8 ± 1.28% and the results were reported in Table 2 .
The results of moisture content and moisture absorption studies revealed that the moisture content increased with the increase in HPMC concentration i.e., from 2.44 ± 0.43 to 3.77 ± 0.69% in F1-F8 and moisture absorption was found to be 2.47 ± 1.21 to 3.67 ± 1.02% in F1-F8. The results were reported in Table 2 .
Drug-polymer compatibility studies
In the DSC spectra of HZH a characteristic endothermic peak was observed at 285.4°C as shown in Figure 1 (A) and in Figure 1 (C) endothermic peak of poloxamer 407 was observed at 53.6°C, where as in case of HZH gel endothermic peak was observed at 284.4°C as shown in Figure 1 (B) indicating no polymorphic change and its compatibility with the drug molecule.
In vitro release studies of transdermal reservoir systems of hydralazine hydrochloride
In vitro release studies were performed using modified Franz-diffusion cell using dialysis membrane 150 as a barrier and PBS as media. Cumulative percentage drug release vs time was plotted and represented in Figure 2 . Rate controlling polymers like E RLPO and E RSPO has eased out in achieving the control release patters in reservoir systems. The drug release was extended up to 24ch in all the formulations and in formulation F7 maximum of 95.68 ± 1.16% drug release was achieved by the end of 24 h. As discussed in Table 3 the effect of E RLPO over E RSPO was clearly observed. The release rate was more in E RLPO and this may be due to more hydrophilicity compared to E RSPO, where E RLPO tend to release the drug through the pores by wetting of the polymer. 15 Addition of HPMC has substantially enhanced the drug release by further increasing the wetting property of the release retarding layer. 16 A significant difference in percentage cumulative drug release was observed between F1, F2 and F3 as depicted in Figure 2 , p≤0.05 was found to be statistically significant difference. The effect of penetration enhancers on the drug release was studied and the enhancement effect was found to be in the order IPM>MT>AZ. The cumulative drug release effect with different concentrations of IPM was observed and the flux value increased with increase in concentration of IPM from 10% w/v (F5-58.732 ± 0.028 µg/h/cm ) not much variation in flux was observed and didn't show much effect on the penetration enhancement as discussed in Table 3 . In formulation F7 maximum of 95.68 ± 1.16% drug release was achieved by the end of 24 h (IPM 15% w/v) and was optimized for further studies. It was observed that in all the reservoir systems the drug release mechanism depended on the combined action of swelling of poloxamer gel, wetting property of HPMC, penetration enhancers and rate controlling by eudragits.
The dissolution kinetics description was done by using various models like zero order, 17 first order, 18 Huguchi and Korsmeyer-Peppas.
Where Mt is the amount released at time t and Mα is the amount of drug present in the transdermal system t is the time taken to release K is the kinetic constant and n is the diffusional release exponent. 19 Higuchi kinetic model is well-established to explain the diffusion model where it follows the Fick's first law and the drug release depends on the square root model. Ex vivo permeation studies of reservoir systems of hydralazine hydrochloride
Based on the in vitro release and enhancement ratio formulation F7 was optimized for the further studies. Ex vivo permeation studies for F7 were carried out on modified Franz diffusion cell using epidermis of rat skin as a barrier. Figure 3 represents the cumulative percentage drug release vs time plot of ex vivo release and the release was found to be 92.96 ± 1.2% by the end of 24 h. The flux of ex vivo release was found to be 60.487 ± 0.047µg/cm 2 /h with a lag time of 0.61 ± 0.021 h. No significant difference in drug release profile was observed between ex vivo and in vitro results (p≤0.05).
Tensile strength of the optimized formulation
Tensile strength of the rate controlling membrane of the optimized formulation was found to be 0.35 ± 1.22 kg/mm 2 with elongation at same conditions. The drug release in initial stage was found to be 95.68 ± 1.16% and after the accelerated conditions by the end of 6 th month the drug release was found to be 91.08 ± 1.21%. No significant difference in drug release and drug content was observed between initial studies and after stability studies. The reservoir system was found to be stable and acceptable.
In vivo pharmacokinetic studies
The in vivo kinetic studies were conducted using male New Zealand rabbits and the results were quantified using HPLC. In vivo kinetic parameters for oral route and transdermal route were assessed from the mean plasma concentration vs time profile depicted in Figure 4 . The in vivo absorption of drug in oral route was very fast and T max was reached within 1 ± 0.09h with C max of 1.34 ± 0.45 µg/mL and the MRT was 2.98 ± 1.24h, where as in case of transdermal route T max was reached at 15 ± 0.09h with a C max of 1.29 ± 0.24 µg/mL and the MRT was extended to 17.7 ± 0.37h as reported in Table 4 . The extended plasma concentration profile curve in transdermal route depicted increased AUC value (25.760 ± 9.124 µg/mL/h) compared to oral route (4.409 ± 2.015 µg/mL/h) and the results reported the same, this can enhance the bioavailability of drug. The kinetic parameters clearly projected the extended release pattern of drug which can enhance the in vivo absorption of drug and clinical pharmacokinetics of HZH. break value 9.81 ± 1.28 kg/mm 2 . The films were found to have moderate tensile strength and high elongation at break values.
Skin irritation studies of reservoir system of hydralazine hydrochloride
Skin irritation studies were conducted according to the Draize's method by scaling. Male albino rats were divided in to three groups (n=6). Group I was considered as control where no irritant was applied. Group II (medicated group) transdermal reservoir system (F7) was applied by moistening the rate controlling membrane. Erythema and edema was found to be 1.09 ± 0.312 and 1.04 ± 0.018 respectively. Group III standard irritant formalin was applied (0.8% v/v), erythema and edema was found to be 4.21 ± 0.045 and 4.75 ± 0.141 respectively. Irritation and edema was found to be negligible in medicated group when compared with formalin treated group and a significant difference was observed at p≤0.05. The reservoir system was found to be safe to apply to the skin.
Stability studies of reservoir system of hydralazine hydrochloride
Stability studies were conducted for formulation F7 according to ICH guidelines for 6 months and evaluated for drug content and in vitro drug release. Drug content in initial stages was found to be 99.3 ± 0.021% and after stability studies drug content was found to be 93.59 ± 0.421%. Cumulative drug release studies were conducted by maintaining the Where Q 24 is cumulative percentage drug release at 24h, All the values were expressed as mean±SD, n=3. *p≤0.05 was found to statistically significant. 
